Objective: This study aimed to examine the pathways by which social networking sites (SNSs) can improve older people's life satisfaction. Methods: We conducted an online survey in China that lasted eight weeks. Respondents were required to report their demographic characteristics and feelings regarding SNS use. Data were analysed using SPSS 20 and Amos 21. Results: We collected 596 valid samples. The empirical results show that SNS use improves older people's life satisfaction by reducing their loneliness and improving their self-efficacy. Social support alleviates the negative effect of loneliness and enhances the positive effect of selfefficacy on life satisfaction. Sex differences and education differences were significant. Men and less educated people had higher levels of life satisfaction. Conclusion: Policymakers should offer support to SNSs targeting older people and encourage them to provide more useful services. SNS operators should encourage social support among older users and pay attention to sex differences and education differences.
Introduction Background
During the past few decades, we have witnessed an explosive growth of Internet use among older people in many developed countries and some less developed countries [1] [2] [3] [4] . For example, in the United States, social media use among those 65 and older reached 35% in 2015, more than tripling since 2010 [3] . In Australia, more and more older people have begun to use the Internet for interpersonal communication, information seeking, commerce and entertainment [5] . In China, Internet users older than 55 years have become a non-negligible group in China's online market [1] . As general Internet use has increased in popularity, online applications, such as virtual communities and social networking sites (SNSs) in particular, have become older people's favourite online applications [6, 7] .
Information and communication technologies (ICTs) are believed to have significant effects on reducing older people's social isolation and improving their social connectedness [2, 8] . Ageing can be associated with negative changes, for example having fewer social contacts and experiencing greater loneliness [9] , experiencing physical and mental decline or being less active [10] . SNS use can help older people to cope with these changes. SNSs are web-based services 'that allow individuals to construct a public or semipublic profile within a bounded system, articulate a list of other users with whom they share a connection, and view and traverse their list of connections and those made by others within the system' [11; p.211] . SNS use can offer older people new opportunities to participate in various activities, make new friends or enrich their late life and thus improve their life satisfaction [12] . However, prior research has mainly focused on the direct effect of SNS use on older people's life satisfaction [13, 14] . We need more studies to examine the paths by which SNS use improves older people's life satisfaction, because understanding older people's SNS use behaviours can provide insight in how to manage them in the future [15] .
Our review of the literature has identified two potential underlying paths. SNSs are based in collections of relationships. Older people can use SNSs to maintain their traditional offline social ties (e.g. family, relatives or friends) [6, 13, 14] , make new friends and enlarge their activity networks [7] . This enlarged social network can reduce older people's loneliness [16] and overcome their low satisfaction [17] . We name this path 'SNS use ? less loneliness ? more life satisfaction'. As they age, many older people can easily develop a sense that they are 'old and useless', and have lower level of self-confidence. However, SNS use allows people to view and upload photographs or videos [19] , interact and collaborate with other members [20] or learn new tricks [21] . These activities provide older people with many opportunities to observe and imitate other members' online behaviour. They can learn how to participate in these activities, obtain a sense of 'I can' and improve their confidence in self-control [14, 21] . We name this path 'SNS use ? higher self-efficacy ? more life satisfaction'.
We further integrate social support as a facilitating condition. Many older people choose to use SNSs because they want to keep in touch with their family members or make new friends. The nestled networks in SNSs are important sources of social support for them. If their age peers or family members also use the Internet, older people's Internet use frequency may be double that of older people whose age peers or family members do not use the Internet [7] . When examining the relationships between older people's health status, life satisfaction and social support, scholars find that older people's health status has direct influence on their life satisfaction, while social support acts as a moderator and exerts its effect on the relationships between health status and life satisfaction [22] . In this paper, we follow this conclusion and further validate that social support acts as a moderator (Figure 1 ).
Aims
This study aimed to explore the paths by which SNS use improves older people's life satisfaction. We planned to test the effects of two underlying paths, a facilitating condition and three demographic characteristics. The findings were expected to provide insight into how to manage older people's SNS use and improve their life satisfaction via SNSs.
Methods Design
To test the hypotheses, we conducted an online survey in China from 20 March to 19 May 2016. Before the survey, we clearly told the participants, via an informed consent form which they signed, that the questionnaire was voluntary and anonymous. We told them what data would be collected and that the data would be used only for academic purposes. The questionnaire link was distributed on six SNSs, including four forums supported by tieba.baidu. com and two other SNSs (jxold.com and bbs.ltxjob.com).
These communities specifically target older people. We took several measures to improve the participation rate. First, we successfully obtained the SNS administrators' help. With their help, the questionnaire link was posted on their home pages and kept there for one week. Second, 50 participants were randomly selected to win a prize (a paper book).
Ethical approval
The survey was monitored by a member of the Academic Ethics Committee in our university and was conducted in accordance with the common statement on social science applied in China.
Survey content
To collect demographic information, we asked three questions: 'What's your gender?', 'How old are you?' and 'What's your education level?'. We then asked respondents to tell us their feelings about SNS use. All variables such as SNS use, loneliness, self-efficacy, social support and life satisfaction were adapted from prior research ( Table 1) and were measured using a seven-point Likert scale.
Results

Participants
Although China defines older people as those aged older than 60 years, academic studies on ICT use usually adopt a different standard. For example, the Boston Consulting Group released a report named 'China's digital generations 3.0: The online empire' in 2012 and clearly defined Internet users older than 55 years in China as senior users [1] . In addition, a prior study on Internet skills training of older people in Hong Kong adopted 55 years as the age criterion [18] . We thus adopted 55 years as the age criterion in the sample selection and finally obtained 596 valid respondents. We examined the demographic profiles. Of the 596 responses, women accounted for 52% (309) and men 48% (287) respectively. Age groups 55-64, 65-74 and older than 75, accounted for 49% (290), 37% (220) and 14% (86) respectively. Education levels middle school, high school, college, bachelor and postgraduate, accounted for 6% (34), 29% (172), 37% (222), 26% (156) and 2% (12) respectively.
Data analysis
We conducted explorative factor analysis using SPSS 20 (Table 1 ) and confirmative factor analysis using Amos 21 (Table 2) to measure the convergent validity, discriminant validity and model fitness.
We tested the convergent validity of the measurement scales by examining the factor loadings, Cronbach's a and composite reliability (CR). As shown in Tables 1 and 2, all item loadings in their respective constructs are higher than 0.74, and all Cronbach's a and CR values are >0.9. These indices indicate good convergent validity.
We tested the discriminant validity of the measurement scales in two ways. First, all item loadings in their respective constructs are significantly higher than the values in their irrespective constructs (Table 1) . Second, as shown in Table 2 , all the average variance extraction root values (diagonal values) are greater than their respective correlation values (non-diagonal values). These indices indicate good discriminant validity. We further tested the model fitness with the following indices [28] . The v 2 /df value was 4.63, less than the suggested value 4.63 [28] . The Goodness of Fit Index (GFI) and Adjusted GFI were 0.81 and 0.77 and were at acceptable levels. Both the Normed Fit Index value (0.91) and Comparative Fit Index value (0.93) are >0.9. The Root Mean Square Error of Approximation value was 0.08 and was at the acceptable level. These indices together indicate good fitness.
Hypothesis tests
Before the test, we firstly examined the variable correlations. All the correlations were <0.7 ( Table 2 ), indicating that the collinearity is not a severe problem. We further mean-centred all the variables by their mean values and variance values, which can help to relieve the possible effects of collinearity and heteroscedasticity. All hypothesis tests were based on the new mean-centred values.
Hypothesis tests were composed of two parts. We firstly tested the effects of SNS use on loneliness and self-efficacy, and then adopted hierarchical regression analysis to test the moderating effects (Table 3) . Specifically, three demographic variables, two direct variables (loneliness and selfefficacy), one moderator and two interaction effects were, respectively, integrated to build four different models.
As shown in Table 3 , the effects of SNS use on loneliness (b = À0.32, T value = À8.18), SNS use on self-efficacy (b = 0.37, T value = 9.72), loneliness on life satisfaction (b = À0.51, T value = À15.59) and self-efficacy on life satisfaction (b = 0.06, T value = 1.80) were significant. The two proposed paths are verified. That is to say, SNS use can extend older people's social networks and reduce their loneliness and thus improve their life satisfaction.
The joint effects between social support and loneliness (b = 0.36, T value = 10.97) and self-efficacy (b = 0.11, T value = 3.40) were positive and significant. The moderating role of social support is verified. That is to say, when social support is high, the negative effect of loneliness will be a little lower, while the positive effect of self-efficacy will be higher. For older people, social support can alleviate the negative effect of loneliness, enhance the positive effect of self-efficacy and improve their life satisfaction. Following Aiken et al.'s suggestion [29] , we illustrated the moderating effects of social support (Figure 2 ). The effect of sex (b = 0.12, T value = 3.81; female, 0; male, 1) was positive and significant, indicating that men have higher life satisfaction than women. The effect of education (b = À0.08, T value = À2.60) was negative and significant, indicating that less educated older people have higher life satisfaction.
Discussion
Many countries face the challenge of an ageing society and want to obtain new insight from smart technologies. The current research was conducted using a technological scenario and brings three significant implications.
First, the relative predictive power of the different types of influence is different. Using SNSs improves older people's life satisfaction via two ways: improving their self-efficacy and reducing their loneliness. Compared with improving their self-efficacy (b = 0.06), reducing loneliness (b = 0.51) seems better and more effective. Older people usually have less social connectivity than young people, and using SNSs can help older people to change this situation [30] . Thus, SNS operators should operate these influencing factors differently. Policymakers also should provide support to those SNSs targeting older people.
Second, older people need external support when they try new activities. Social support could alleviate the negative effect of loneliness and enhance the positive effect of selfefficacy and thus improve older people's satisfaction. For older people, they are at the last stage of their life and usually are less self-confident and feel more lonely [18] . They need the social support of their peers or relatives. If their age peers or relatives are using SNSs, older people may believe that they could obtain fun or help from their age peers or relatives. This in turn will enhance their motivation and behaviour. SNS operators should encourage mutual support among older people. Doing this is helpful to improve older people's SNS use.
Third, SNS operators should differentiate their promotion strategies. Although we cannot provide the theoretical support for sex differences [19] , older men do show higher life satisfaction than women when they use SNSs. In addition, those less educated seem to have higher life satisfaction. Obviously, different older people behave differently when they use SNSs. SNS operators should differentiate their promotion strategies by age group or education level, to better serve older people.
Limitations
This study does have several drawbacks. First, the sample representation is inadequate. The majority (49%) of the respondents belong to the younger, 55-64 year old, age group. In addition, the Internet experience of most respondents (85%) was more than one year. Considering the sampling method and the sample characteristics, the sample in this paper are not an accurate representation of all older Internet users in China. Future studies should try to cover greater diversity in age groups and examine the potential group differences.
Second, we did not provide a persuasive explanation for sex differences. Older men seem to have higher life satisfaction than women when they use SNSs. However, we did not explain why. Future research should pay more attention to sex differences when they examine older people's SNS use.
Third, we did not test the effects of community types. We collected our samples mainly from six different communities. These communities have different characteristics. We are not sure whether the community types could affect the results. If possible, future studies should examine the effects of community types on older people's life satisfaction.
Conclusion
People believe that SNS use can improve older people's life satisfaction. However, we have little knowledge about how SNS use improves older people's life satisfaction. This paper has addressed this limitation. We collected 596 valid samples in China, and tested the relationships between SNS use, loneliness, self-efficacy, social support, and life satisfaction.
The results show that SNS use improves older people's life satisfaction by reducing their loneliness and improving their self-efficacy. Social support alleviates the negative effect of loneliness and enhances the positive effect of self-efficacy on life satisfaction. Sex differences and education differences are significant. Men and less educated people show higher levels of life satisfaction. Thus, policymakers should offer support to those SNSs targeting older people, and encourage them to provide more useful services. SNS operators should encourage social support among older users, and also should pay attention to sex differences and education differences.
